Cultures of actinomycete strain WRAT-210 produced a dark red crystalline metabolite which was named texazone. Spectroscopic evidence suggested that the structure of texazone is 2-(N-methylamino)-3H-phenoxazin-3-one-8-carboxylic acid. The structure was confirmed by chemical synthesis through oxidative dimerization of ethyl 3-amino-4-hydroxybenzoate with 2-(N-methylamino)phenol and subsequent hydrolysis of the resultant phenoxazinone ester.
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Cultures of actinomycete strain WRAT-210 produced a dark red crystalline metabolite which was named texazone. Spectroscopic evidence suggested that the structure of texazone is 2-(N-methylamino)-3H-phenoxazin-3-one-8-carboxylic acid. The structure was confirmed by chemical synthesis through oxidative dimerization of ethyl 3-amino-4-hydroxybenzoate with 2-(N-methylamino)phenol and subsequent hydrolysis of the resultant phenoxazinone ester.
Derivatives of 2-amino-3H-phenoxazin-3-one (1) first found in arthropods and molluscs (ommochromes')) have also been isolated from fungi2-4) and actinomycetes' . We report here the isolation of a new pigment (texazone) of this type from an actinomycete. The structure 3 was suggested by spectroscopic methods and confirmed by chemical syntheses. 2 HOOC at C-7 3 HOOC at C-8 (Texazone)
Production and Characterization
The actinomycete which produces texazone was obtained from a Texas soil as isolate and is currently under taxonomic study. Texazone was produced when the culture was grown in a glucose -soy bean meal -medium and was extracted from acidified broth with ethyl acetate. After purification by column chromatography on silica gel and crystallization from acetone, texazone was obtained as The mass spectrum of texazone showed a molecular ion at m/z 270 which was also the base peak.
Significant fragment ions were observed at m/z, 254 (25 %), 243 (13), 242 (22), 225 (4) and 213 (13).
Doubly charged ions were found at and below m/z 135, the most intense being at m/z 112 (12%). The mass of the molecular ion, accurately measured was 270.0637 (calcd. for C14H10N2O4, 270.0641).
The 1H NMR of texazone (22 mg) in dimethyl sulfoxide-d6 (0.4 ml) with tetramethylsilane as an in- The electronic absorption spectrum of texazone closely resembled that of 2-amino-3H-phenoxazin-3-one (1). For both compounds, acid shifts the visible maxima hypsochromically and enhances the broad envelope centered at 500 nm. Texazone differs from 1 in possessing an acidic function, which is apparent from its solubility in 0.1 N sodium hydroxide and from the absorption maxima at 1678 cm-1 due to carbonyl stretching and in the range from 2815 to 3395 cm-1 associated with the hydrogen-bonded hydroxyl group of a carboxyl function. The ion at m/z 225 also suggests loss of a carboxyl group from the metabolite during electron-impact mass spectrometry.
Considering the molecular formula of texazone, C14H10N2O4, a parent 2-amino-3H-phenoxazin-3-one structure, 1, would account for C12H8N2O2. One of the two remaining carbon atoms is associated with the carboxyl function, thus there is a need to account for only an additional carbon and 2 hydrogen atoms. The two doublet signals at 8 2.86 (3H) and 7.29 (1 H) in the NMR spectrum indicated that there was a methyl group attached to the amino substituent at C-26). In dimethyl sulfoxide-d6, these are coupled (J=4.5 Hz). As would be expected for a CH,NH-substituent, the spectrum in trifluoroacetic acid-d showed only a singlet at 6 3.42 for the methyl group; the NH-proton had rapidly equilibrated with deuterium. Similar results were obtained by adding D2O or CD3OD to a dimethyl sulfoxide-d6, solution of texazone. Two one-proton singlets at 6 6.10 and 6.20 are assigned to H-1 and H-4, respectively, by analogy with the assignments for hydrogens at these positions in 1. Signals at 8 7.53, 7.96 and 8.14 are assigned to H-6, H-7 and H-9 respectively, for the following reasons: the hydrogens in ring-A of 1 are approximately 1.5 ppm downfield of those in ring C; the carboxyl group in texazone, which must be located in ring A, would cause a further downfield shift of the two adjacent hydrogens. The coupling constant of 8.5 Hz between the doublets at 5 7.53 and 7.96 suggests that the two hydrogens are adjacent and separated from the hydrogen responsible for 5 8.14 doublet which is coupled less strongly (J=1.8 Hz) to the 5 7.96 hydrogen. Therefore, the carboxyl group must be at C-7 (2) or C-8 (3) as shown in Fig. 2 . The C-8 position is favored because it allows the lowest-field ring A hydrogen to be located at C-9, peri to the nitrogen at position 10. Assignment of the 6 7.53 signal to H-6 is consistent with known substituent effects.7).
Synthesis
Several one electron transfer oxidants, including air, have been used for the oxidative dimerization of 2-aminophenols to 2-amino-3H-phenoxazin-3-ones8). In our hands the feasibility of a given phenoxazinone synthesis could be ascertained by superimposing spots of reactant 2-aminophenols on silica TLC plates. After several days exposure to air, but protected from light, followed by development of the plate in a suitable solvent system, if spots of the desired 2-amino-3H-phenoxazin-3-one(s) were seen then a successful larger scale synthesis could be expected. For this diagnostic procedure MN Polygram SIL G/UV 254 plates were used.
A study of the literature revealed multi-step syntheses of 2-(N-methylamino)phenol (6) and suggested that it might not be stable to storage'). Therefore exploratory oxidative dimerizations were carried out with 2-aminophenol instead of 6. The final procedure for the synthesis of 6 was modeled after a briefly described method in which 6 was prepared in one step and used without isolation10>
In preliminary experiments using silica TLC plates in air"), amino acids 7a and 8a failed to condense with 2-aminophenol, presumably due to their zwitterionic character. Attempts to prepare the methyl esters of 7a and 8a in methanol -sulfuric acid were unsuccessful because of the poor solubility of their sulfuric acid salts in methanol. However, the ethyl esters (7b and 8b) were readily made by such a procedure. Both condensed with 2-(N-methylamino)phenol (6) in ethanol using lead dioxide") (method A).
Using silica TLC plates in air" (method B) ester 7b gave milligram amounts of the texazone ester (4) but 8b did not react with 6. Trace amounts of texazone (3) were obtained directly from the acid 7a and 6 using lead dioxide.
TLC of the reaction mixtures revealed that the rate of formation of the desired phenoxazinones 3, 4 and 5, was slow. Products from competing reactions could be seen, especially 2-amino-3H-phenoxazin-3-one from the dimerization of 2-aminophenol and 2-(N-methylamino)-3H-phenoxazin-3-one from the condensation of 2-aminophenol with 6. The mixtures proved difficult to separate: thus, using method A, the yields of 4 (about 2 %) and 5 (less than I %) represent isolated pure material. In both cases additional product was present in mixed fractions. Esters 4 and 5 were readily differentiated on the basis of melting points, IR, NMR, UV-visible spectra and TLC.
The aqueous hydrochloric acid hydrolysis of 4 gave an essentially quantitative yield of 3 after 2.5 hours at 95'C. Texazone was identical with 3 in all spectral properties and by TLC in seven different solvent systems. All attempts to hydrolyze 5 to the 7-carboxylic acid were unsuccessful.
Discussion
Wherever the biosynthesis of 2-amino-3H-phenoxazin-3-ones has been investigated they have been shown to originate from oxidative condensation of 2-aminophenols.
The parent substance, 1, and two simple derivatives substituted on the amino nitrogen, have been isolated from cultures of several actinomycetes but more commonly a naturally occurring 3H-phenoxazin-3-one will have carbon substi- 
Experimental
The electron-impact mass spectrum was obtained with a Dupont/CEC model 21-491 spectrometer. For the accurate mass measurement of the molecular ion a Dupont/CEC model 21-110B was used with perfluorokerosene as reference. For texazone a Varian model HA-100 was used to obtain the 1H NMR spectra whereas, for the synthetic 3H-phenoxazin-3-ones, the instrument was a Varian XL 100-15. Unless otherwise noted MN Polygram SIL G/UV 254 precoated plastic sheets were used for TLC and Hi-flosil Silica gel 60/200 mesh, Applied Science Lab. Inc. State College, PA., for column chromatography.
Production and Isolation of Texazone Actinomycete WRAT-210 was maintained on agar slants containing (g/liter); glucose 4.2, peptone 5, yeast extract 1.5, beef extract 1.5, NaCl 3.5, K,HPO4 3.68, KH2PO4 1.32, agar 15. To prepare a vegetative inoculum, a slant culture was transferred to a 250-ml Erlenmeyer flask with 50 ml of a medium consisting of (1 liter); sucrose 30 g, corn steep liquor 20 ml, CaCO3 7 g, (NH4)2SO4 2 g. After a 5-day incubation at 27°C on a rotary shaker (3.8 cm eccentricity, 220 rpm), 5-ml portions were used to inoculate each 50 ml of production medium. To produce texazone, cultures were grown in a medium consisting of (g/liter) glucose 40, soybean meal 25, and CaCO3 4. Incubation conditions were the same as used for the vegetative inoculum.
The filtrate from 8-day old cultures was adjusted to pH 3 with hydrochloric acid and extracted with ethyl acetate. Evaporation of solvent from the extract gave a red-brown gum which was chromatographed on a column of silica gel with a stepped gradient of ethyl acetate in benzene as eluant. The fraction collected during elution with benzene -ethyl acetate (3: 1) was concentrated to dryness and the residue recrystallized from acetone. The mixture was heated to boiling, filtered, and the insoluble material reextracted with two-12.5 ml portions of boiling 2-propanol. The second extract was essentially colorless. The solid which crystallized from the combined filtrates was filtered to give 19.9 mg of dark red solid (A). The filtrate was concentrated to one-half volume, kept at room temperature for 3 days, and again filtered to give 12.9 mg of additional dark red solid (B). The second filtrate when concentrated to dryness gave a red crystalline residue from which 0.113 g of unreacted 7b (30 % recovery) was obtained by extraction with boiling benzene.
Solids A and B, 32.8 mg, were combined and chromatographed on a column of silica gel (200 g) prepared in benzene. Elution with 750 ml of CeHe -Me2CO, 3 : 1 gave 500 ml of colorless forecuts followed by three-100 ml reddish orange fractions. The latter contained a single component as shown by TLC in two solvent systems : Rf 0.76 (C6H6 -Me2CO, 3 : 1) and Rf 0.27 (C6H6 -CHCl3 -Me2CO, 9.5: 9.5: 0.5). Those three fractions were combined and concentrated to dryness to give 12.0 mg (1. (c) Method B, from 7b: To 3 mg of 6 in 1 ml of 95 % ethanol, prepared by dilution of the solution of 6 described above, was added 2 mg of 7b in 1 ml of 95 % ethanol. 
